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1
SUB-ASSEMBLY FOR AN
ELECTROMECHANICAL BRAKE
ACTUATOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national stage of International Appli-
cation No. PCT/EP2010/004544 filed Jul. 23, 2010, the dis-
closures of which are incorporated herein by reference in
entirety, and which claimed priority to German Patent Appli-
cation No. DE 10 2009 060 201.1 filed Dec. 23, 2009, the
disclosures of which are incorporated herein by reference in
entirety.

BACKGROUND OF THE INVENTION

The present invention relates to the field of motor vehicle
brakes. More precisely, the invention relates to an improved
construction of a subassembly of a brake actuator which is
provided for an electromechanically operated parking brake
or an electromechanically operated service brake.

Electrically operated parking brakes are used increasingly
often in motor vehicles. They have the advantage that they can
be controlled with modern on-board electronic systems,
thereby opening up new possibilities for the use of parking
brakes in a motor vehicle. For example, by electronically
controlling such a parking brake, it is possible to prevent
undesirable backward rolling when starting on an incline or
quite generally the opening of the parking brake can be made
dependent on an appropriate operating point of the vehicle
motor.

An electrically operated parking brake generally com-
prises an electromechanical brake actuator, which applies a
closing clamping force to a wheel brake by means of a spindle
gear and an axially displaceable brake piston. In this case the
brake actuator is substantially defined by a subassembly
which comprises motor and gear units and which is arranged
in a damping manner in a housing. A particular challenge
involves providing a powerful brake actuator which supplies
the necessary closing clamping force to the wheel brake and
is simultaneously constructed in a compact manner in order to
save space and weight. Therefore, there is often used a mul-
tiple-stage planet gear which is distinguished by a compact
construction and a high reduction of the rotational movement
produced by the electric motor.

From patent application WO 2004/044445 A2 an electro-
mechanical brake actuator is known which has an electric
motor and a gear unit for generating and transmitting a torque.
In this instance, a two-stage planet gear is used. The electric
motor and components of the gear unit are orientated relative
to each other on an auxiliary frame and are received in a
damping manner in a housing. An internal-toothed wheel
acting as a central component of the planet gear is arranged in
a damping manner at a plurality of locations on the housing
and on the auxiliary frame.

The stable mechanical fixing of the gear components of an
electromechanical brake actuator is decisive in order, on the
one hand, to reduce the volume and the weight of the brake
actuator and, on the other hand, to increase its service-life. For
example, already an external damage to the housing may
result in the operational failure of the gear unit if it is sup-
ported directly on the housing.
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2
BRIEF SUMMARY OF THE INVENTION

A feature of the present invention is to provide an improved
construction for an electromechanical brake actuator.

To this end, there is provided a subassembly for an elec-
tromechanical brake actuator which provides for a drive
device having an electric motor for generating a torque, and a
gear device for transmitting and delivering the torque gener-
ated to a brake device. The subassembly further has a fixing
element which fixes the position of the gear device relative to
the drive device, an internal-toothed wheel of the gear device
being constructed on the fixing element.

According to a first realization, components of the gear
device can be arranged and secured to each other on the fixing
element and can subsequently be introduced together with the
drive device into a housing. According to a further realization,
the fixing element may be constructed as a carrier element
which connects both the drive device and the gear device to
each other. In this instance, the drive device and the gear
device may be connected by means of the carrier element in
order to form a unit which can be handled separately and
which is subsequently introduced into the housing. Further-
more, the drive device and the gear device can be arranged
without contact relative to the housing, whereby the housing
substantially still has only a protective function and not a
centering or fixing function. However, a realization which is
not contact-free is also possible.

The drive device may be arranged (optionally loosely) at a
first end of the fixing element whilst the internal-toothed
wheel is constructed at a second end of the fixing element. In
this manner, the spacing between the drive-side and output-
side components of the subassembly is fixed by means of the
fixing element.

The fixing element may have a plate-like base member, in
which an opening for receiving the drive device is provided at
the first end. The plate-like base member can be provided with
the internal-toothed wheel at the second end. The fixing ele-
ment and the internal-toothed wheel may be constructed in
two parts or integrally. Owing to the internal-toothed wheel
being integrated into the fixing element in one piece, the
number of individual parts of the subassembly is reduced,
which has an advantageous effect on the weight, the compact
structure, the production costs and the operational reliability
of the subassembly.

According to one realization, the fixing element is con-
structed with an integrated internal-toothed wheel as a cast
component. Cast components have the advantage that they
can be mechanically loaded and can be produced in a cost-
effective manner with narrow tolerances in terms of errors.
Since the internal-toothed wheel is subjected to high
mechanical loads (for example, vibrations), the securing of
the internal-toothed wheel to the fixing plate or the housing
assumes great significance. In particular, screwed securing
arrangements may become loose over time and consequently
reduce the service-life of the brake actuator.

The internal-toothed wheel may be part of a wobble plate
mechanism, in which, for example, a wobble plate can be
introduced. The internal-toothed wheel may also be part of a
planet gear, in which additional components of the planet gear
can be introduced. The internal-toothed wheel may comprise
at least one internally toothed toothed wheel ring, in which at
least one torque-transmitting planet wheel carrier of the gear
device having a plurality of planet wheels thereon can be
introduced. A multiple-stage construction of the planet gear
may be advantageous in order to obtain a high power reduc-
tion without having to use an electric motor which has a more
powerful torque (and is therefore heavier).
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The one-stage or multiple-stage planet wheel carrier intro-
duced into the internal-toothed wheel of the fixing plate may
be secured against falling out by means of a retention ele-
ment. The retention element may be constructed as a simple
ring which can be secured in a close-fitting manner to the
lower side of the internal-toothed wheel by means of a fixing
device. According to this realization, all the essential compo-
nents of the planet gear may be secured to the fixing element
so that additional fixing by the housing is unnecessary.

The toothed wheel arrangement or the belt arrangement
may be supported by means of a centering element. To this
end, the centering element itself (for example, by means of
plug type connectors) may be secured to the upper side of the
fixing element in such a manner that the centering element
and the fixing element delimit at the upper side and lower side
a defined space in which the toothed wheels of the toothed
wheel arrangement are introduced via toothed wheel shafts,
respectively. The toothed wheel shafts may be supported on
the centering element. This applies similarly in the case of a
belt gear.

According to another aspect, a subassembly for an electro-
mechanical brake actuator is provided and comprises a drive
device having an electric motor for generating a torque and a
gear device for transmitting the torque to a brake device. The
gear device successively comprises a first, second and third
gear stage, the third gear stage being constructed as a planet
gear and an output-side gear element of the second gear stage
and a sun wheel of the planet gear being fitted to a planet
wheel carrier of the third gear stage via a first gear shaft,
which sun wheel is arranged in a torque-locking and concen-
tric manner with respect to the gear element.

The first gear shaft may be received at the first end thereof
on a centering element and/or at the second end thereof on the
planet wheel carrier. The first gear shaft may further be con-
nected at the second end thereof to the planet wheel carrier of
the third gear stage in a rotationally secure manner. The first
gear shaft and the planet wheel carrier of the third gear stage
may be constructed in one piece or two pieces. A one-piece
construction is advantageous because the number of gear
components is reduced. In one realization, the planet wheel
carrier may be constructed with the first gear shaft as a cast
component. In a further realization, the first gear shaft may be
rotatably supported at the second end on the fixing element.

The planet wheel carrier of the third gear stage may be
constructed in a disc-like manner. The first gear shaft received
with the second end on the planet wheel carrier may be
arranged at the centre of the planet wheel carrier. It may
extend at one side into the space along the axis of rotation of
the planet wheel carrier. Alternatively, the first gear shaft may
extend into the space at both sides of the planet wheel carrier.

The disc-like planet wheel carrier may further be provided
at one side with pin-like bearing shafts in order to receive
planet wheels. These pin-like bearing shafts may be arranged
on the planet wheel carrier around the first gear shaft which is
arranged centrally at the same side. The pin-like bearing
shafts may be connected in a rotationally secure manner to the
planet wheel carrier.

The disc-like planet wheel carrier of the third gear stage
may further be connected in a rotationally secure manner to
an output element at the side directed away from the pin-like
bearing shafts. The output element may be constructed in the
form of a journal. It may be arranged centrally on the planet
wheel carrier. The output element, the planet wheel carrier
and the first gear shaft may be constructed integrally.

The planet wheels are preferably supported rotatably on
the planet wheel carrier via the pin-like bearing shafts and the
sun wheel via the centrally fitted first gear shaft. That com-
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mon support of the sun wheel and planet wheels promotes
close-fitting engagement of the gear wheels with each other
so that the degree of efficiency and the wear properties of the
planet gear are improved. Another advantage of a first gear
shaft supported directly on the planet wheel carrier is that, for
example, additional gear components of the gear device can
be arranged on the planet wheel carrier via the first gear shaft.
An operable subassembly of the gear device can thereby be
constructed at the output side along the first gear shaft, whose
gear components rest directly or indirectly on the planet
wheel carrier.

Owing to the concentric support of the first gear shaft on
the planet wheel carrier, the spatial position of the first gear
shaft is determined by the guiding of the planet wheels sup-
ported on the planet wheel carrier in an internal-toothed
wheel. In other words, the gear shaft is self-centred with
respect to the internal-toothed wheel via the planet wheels
which are engaged with the internal-toothed wheel.

In one realization, the internal-toothed wheel is integrally
constructed with the fixing element. In this instance, the first
gear shaft which centres itself by means of the internal-
toothed wheel may be used as a reference for positioning and
supporting additional gear components or the drive device on
the fixing element in accordance with tolerances. In particu-
lar, production tolerances thereby become less significant in
the construction of the internal-toothed wheel in the fixing
element or carrier element.

According to a first realization, the second gear stage of the
gear device may be constructed as a planet gear and the
output-side gear element of the second gear stage as a planet
wheel carrier. The two planet gears may be arranged in a
rotatable manner successively along the first gear shaft. The
first gear shaft may further receive in a supporting manner a
sun wheel of the second gear stage and an output-side gear
element of the first gear stage connected to the sun wheel in a
torque-locking manner. An output-side subassembly of the
gear device can thereby be produced and is distinguished by
a compact construction and a high level of torque reduction.

According to an alternative realization, the second gear
stage may be constructed as a toothed wheel mechanism or
belt mechanism. In this instance, the output-side toothed
wheel of the second gear stage is connected in a rotationally
secure manner to the sun wheel of the third gear stage. A
drive-side toothed wheel of the second gear stage may be
supported at both sides on the fixing and centering element
via a second gear shaft.

The transmission of the torque between the electric motor
at the drive side and the second gear stage may be carried out
by a toothed wheel arrangement which comprises a plurality
of'toothed wheels which are successively in positive-locking
contact. The toothed wheel arrangement is connected, for
example, at one end to a drive shaft of the electric motor and,
at the other end, to a drive-side toothed wheel of the second
gear stage so as to transmit torque. According to another
realization, the torque may be transmitted by a V-belt which is
tensioned between a first belt wheel, which is secured to the
drive shaft in a non-positive-locking manner, and a second
belt wheel, which is secured to the drive-side toothed wheel of
the second gear stage in a non-positive-locking manner.

The fixing element and centering element may be con-
structed so as to complement each other so that the fixing
element and centering element in the assembled state delimit
a cage-like space for receiving gear components. The second
gear shaft may be supported at its first end on the centering
element and at its second end on the fixing element. The first
gear shaft is supported at its first end on the centering element
and at its second end on the planet wheel carrier.
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Other advantages of this invention will become apparent to
those skilled in the art from the following detailed description
of the preferred embodiments, when read in light of the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded view of an embodiment of an assem-
bly of an electromechanical brake actuator;

FIG. 2 is an exploded view of a subassembly of the assem-
bly according to FIG. 1;

FIG. 3 is aperspective view of the mounted subassembly of
the electromechanical brake actuator according to FIG. 2;

FIG. 4 is a first sectioned view of the assembly of the
electromechanical brake actuator according to FIG. 1;

FIG. 5 is a second sectioned view (plan view) of the assem-
bly of the electromechanical brake actuator according to FIG.
1; and

FIG. 6 is a third sectioned view of the assembly of the
electromechanical brake actuator according to FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

An embodiment of an assembly of an electromechanical
brake actuator for an electrically operated parking brake is
explained below. Corresponding elements in the Figures are
given the same reference numerals. Terms such as “at the
upper side” and “at the lower side” refer to the orientation of
the assembly illustrated in the Figures. Of course, the elec-
tromechanical brake actuator may be orientated as desired
(for example laid laterally) during installation.

FIG. 1 is a perspective view of essential components of an
assembly 10 of an electromechanical brake actuator. The
assembly 10 comprises a housing 11 having a housing lower
portion 12 and a housing upper portion 16 and a subassembly
20, which substantially comprises a drive device 22 and a gear
device 24. Furthermore, the subassembly 20 has a first mount-
ing device 35 which comprises two carriers 37 (only one
carrier can be seen in FIG. 1 owing to the perspective view)
which are each provided with a damping element 38 and
which are each arranged laterally in the subassembly 20.

The housing lower portion 12 serves to receive the subas-
sembly 20 and is therefore adapted to the dimensions of the
subassembly 20 in terms of its spatial configuration. The
housing lower portion 12 has a second mounting device 13
which comprises two recesses 14 at the longitudinal sides of
the housing lower portion 12. Furthermore, the housing lower
portion 12 has a cylindrical hollow space which is constructed
s0 as to be open at one side for receiving the drive device 22
in a close-fitting manner. An electrical plug type connector 15
having contact pins is formed above the cylindrical hollow
space at a transverse side of the housing lower portion 12 in
order to supply electrical power to the drive device 22 and
control it.

The drive device 22 provided for generating a torque and
the gear device 24 provided for transmitting the torque are
mounted outside the housing 11 and then inserted as an inde-
pendently operable unit into the housing lower portion 12. In
this instance, in the present configuration, the subassembly 20
is laterally clamped in the corresponding recesses 14 on the
housing lower side 12 via the laterally protruding damping
elements 38 which are fitted to the respective opposing car-
riers 36. The subassembly 20 is consequently coupled to the
housing 11 in a damping manner at only two support loca-
tions. In this manner, vibrations which are necessarily pro-
duced in the operating state of the drive and gear device 22, 24
are shielded from the housing 11 in a particularly effective
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manner. A detailed description of the suspension of the sub-
assembly 20 in the housing lower portion 12 follows further
below with reference to FIGS. 4, 5 and 6.

Thehousing lower portion 12, after the subassembly 20 has
been installed, is covered with the housing upper portion 16
and welded thereto. The housing upper portion 16 in the
present realization primarily has a protection and sealing
function. In extreme cases, such as, for example, in the event
of very powerful impacts, the housing upper portion 16 may
prevent the subassembly 20 from falling out of the housing
lower portion 12. Under normal conditions, the subassembly
20 does not touch the housing upper portion 16 and, owing to
the gap which is thus produced, the housing upper portion 16
does not have a fixing or bracing function with respect to the
subassembly 20.

In the following the subassembly 20 is explained in greater
detail with reference to FIGS. 2 and 6. FIG. 2 is an exploded
view of the individual components of the subassembly 20.
FIG. 6 is a cross-section of the assembly 10.

The subassembly 20 essentially comprises the drive device
22 which has an electric motor 26 and a drive shaft 28 and the
gear device 24 whose first gear stage is in the form of a
toothed wheel arrangement 64. A two-stage planet gear 45
adjoins the toothed wheel arrangement 64 as a second and
third gear stage. Furthermore, the subassembly 20 comprises
a fixing element 30, which comprises a portion of the first
mounting device 35, a retention element 58 and a centering
element 74 which each have, inter alia, a function with respect
to the arrangement and/or securing of individual gear com-
ponents.

In the present realization, the fixing element 30 is con-
structed as a carrier element. The carrier element 30 has
central significance for the realization of the subassembly 20
and is therefore described in greater detail below.

The carrier element 30 comprises a plate-like base member
32 which has a triangle-like base face and at the first end of
which a round opening 34 is recessed. At the lower side of the
plate-like base member 32 there protrude perpendicularly
two protrusions 33 which flank the opening 33 and which are
arranged diametrically relative thereto. At the upper side of
the base member 32, three mechanical plug type connectors
31 are provided (in FIG. 2, owing to the perspective illustra-
tion, only two mechanical plug type connectors are visible)
which are each fittingly formed at the corner points of the
triangle-like base member 32 perpendicularly relative to the
upper side. In addition, the first mounting device 35 is fitted to
the lateral faces of the base member 32.

At a second end of the carrier element 30 opposite the first
end, a cylindrical internal-toothed wheel 40 is formed for the
planet gear 45 which in the present realization forms a direct
continuation of the base member 32. The cylindrical internal-
toothed wheel 40 is configured for a two-stage planet gear 45
and therefore comprises two concentric, internally-toothed
toothed wheel rings 41, 42 which are arranged one above the
other and which each have a different tooth arrangement and
a different ring diameter. A cover of the internal-toothed
wheel 40 is constructed in a stepped manner in an axial
direction in accordance with the different ring diameters of
the two toothed wheel rings 41, 42, the lower (drive-side)
toothed wheel ring 42 having a larger diameter. This gradu-
ation 44 is used, for example, for securing the retention ele-
ment 58.

The plate-like base member 32 and the cylindrical internal-
toothed wheel 40 are constructed integrally in the realization
described. That is to say, the base member 32 and the internal-
toothed wheel 40 together form the carrier element 30 on
which both the drive device 22 and the components of the gear
device 24 are arranged, centred, supported and/or secured.
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Owing to this integration of the internal-toothed wheel 40 in
the carrier element 30, the number of components for the
subassembly 20 is reduced, whereby the weight of the brake
actuator 10 is further lowered, the volume thereof reduced
and the service-life thereof increased.

The carrier element 30 is constructed, for example, as a cast
component, whereby a high level of precision for the produc-
tion of the carrier element 30, in particular the internally
toothed toothed wheel rings 41, 42, is achieved, with produc-
tion costs which at the same time are manageable. Further-
more, the internal-toothed wheel 40 is thus integrated in the
carrier element 30 in a particularly stable manner and conse-
quently withstands the high mechanical loads (vibrations,
impacts) to which it is subjected during operation. For the
material selection, light metals or polymer materials are pref-
erably used.

Using the carrier element 30, components of the gear
device 24 and the electric motor 26 are combined to form an
independent subassembly 20 of the assembly 10. To this end,
the electric motor 26 is first mechanically secured to the drive
shaft 28 at the lower side at the first end of the carrier element
30. To this end, there are provided at the upper side of the
electric motor 26 two diametrically arranged recesses 23 by
means of which the electric motor 26 is inserted so as to
engage in the two projections 33 at the lower side of the
carrier element 30. At the same time, the drive shaft 28 which
transmits torque is guided through the opening 34 to the upper
side of the carrier element 30.

At the upper side of the carrier element 30, the toothed
wheel arrangement 64 is supported horizontally between the
carrier element 30 and the fixing element 74. A first toothed
wheel 66 is fitted on the drive shaft 28 in a torque-locking
manner. The first toothed wheel 66 is in meshing engagement
with a second toothed wheel 68, the second toothed wheel 68
being rotatably supported by a second gear shaft 62 and a hub
provided on the upper side of the carrier element 30 (illus-
trated in FIG. 6, not visible in FIG. 2). The second toothed
wheel 68 in turn meshes with a third toothed wheel 70. The
third toothed wheel 70 is constructed as an externally toothed
toothed wheel ring whose upper side is covered in a disc-like
manner. Inside the third toothed wheel 70, a sun wheel 72 of
a first stage of the planet gear 45 is arranged concentrically
and in a torque-locking manner with respect to the third
toothed wheel 70.

The diameter and the number of teeth of the three horizon-
tally arranged toothed wheels 66, 68 and 70 increase in the
listed sequence, respectively. The inner diameter of the third
wheel 70 corresponds to the outer diameter of the cover of the
toothed wheel ring 41. The third toothed wheel 70 is thereby
supported in a close-fitting and rotatable manner on the upper
side of the toothed wheel ring 41, the sun wheel 72 at the same
time being inserted concentrically inside the toothed wheel
ring 41 (can be seen in FIG. 6). The sun wheel 72 has a
concentric inner opening through which a gear shaft 46 of the
planet gear 45 can be guided.

In order to secure, support and/or centre the three toothed
wheels 66, 68, 70 in a stable manner by means of the respec-
tive drive shaft or the gear shafts 28, 46, 62, a centering
element 74 is fitted to the upper side of the carrier element 30
(illustrated in FIG. 6). The centering element 74 is con-
structed in a substantially plate-like manner and has at the
lower side three bearings 75 which are spaced apart from each
other. Furthermore, there are constructed at the lower side
three mechanical plug type connectors 76 which have the
same spatial arrangement as the three plug type connectors 31
of the carrier element 30 but which are constructed in a
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complementary manner in terms of their structure. The cen-
tering element 74 is connected so as to engage with the carrier
element 30 via the respective plug type connectors, there
being defined via the mechanical plug type connection
between the upper side of the carrier element 30 and the lower
side of the fixing element 74 a vertical spacing in which the
toothed wheel arrangement 74 is accommodated in a protec-
tive manner. In addition, the drive shaft 28 and the two gear
shafts 46, 62 are inserted at the respective upper end thereof
on the bearing 75 of the fixing element 74 provided for this
purpose in each case, whereby the toothed wheels 66, 68, 70
are securely positioned relative to each other both in a hori-
zontal and in a vertical direction by means of the gear shafts
thereof. Furthermore, the centering element 78 has in the
embodiment described in this instance two laterally formed
covering elements 78 whose construction and function in
conjunction with the suspension of the subassembly 20 will
be described in detail below.

The planet gear 45 is inserted in the lower side of the
internal-toothed wheel 40. The two gear stages, which are
arranged coaxially relative to each other, are first mounted
externally. The planet gear 45 comprises two successive
stages which correspond to the second and third gear stage of
the gear device 24. The second gear stage comprises a disc-
like planet wheel carrier 50, on which three planet wheels 48
which are identical in shape (in FIG. 2, only two planet
wheels can be seen) are arranged coaxially and are rotatably
supported by means of respective shafts (not visible). At the
rear side of the planet wheel carrier 50 of the second gear
stage, another sun wheel 51 (FIG. 6) is fitted concentrically
and in a torque-locking manner, and is connected in a posi-
tive-locking manner to four identical planet wheels 52 (vis-
ible in FIG. 5; in FIGS. 2, 6 only two planet wheels are
illustrated). The planet wheels 52 each rest by means of
pin-like shafts 53 (FIG. 6) on a second plate-like planet wheel
carrier 54 of the third gear stage. This is coupled at the lower
side thereof in a torque-locking manner to a gear component
56 with an output-side journal 57 which is connected to a
spindle gear in order to actuate a brake piston (not visible in
FIGS. 2, 6).

In order to support the components of the two-stage planet
gear 45, afirst gear shaft 46 is provided. The first gear shaft 46
is arranged centrally on the plate-like planet wheel carrier 54
of the third gear stage and extends with its longitudinal axis
along the axis of rotation of the planet wheel carrier 54. The
first gear shaft 46 is preferably connected in a rotationally
secure manner to the planet wheel carrier 54 of the third gear
stage. It is possible for the first gear shaft 46 and the planet
wheel carrier of the third gear stage 54 to be constructed as an
integral component. In an alternative realization, the gear
shaft may also be rotatably supported on the planet wheel
carrier of the third gear stage 54.

The planet wheel carrier 54 of the third gear stage forms,
together with the gear shaft 46 which protrudes perpendicu-
larly, the core for supporting components of the two-stage
planet gear. In ascending order, the sun wheel 71, the planet
wheel carrier 50 of the second gear stage connected to the sun
wheel 71 in a rotationally secure manner, the sun wheel 72
and the output-side toothed wheel 70 of the first gear stage
connected thereto in a rotationally secure manner are rotat-
ably supported by means of the first gear shaft 46 which is
centrally fitted to the planet wheel carrier 54. The planet
wheels 48 and 52 of the second and third gear stage them-
selves rest on the planet wheel carriers 50, 54, respectively. In
that manner, a subassembly 47 of the gear device, that can be
handled separately, can be constructed by the planet wheel
carrier 54 and the first gear shaft 46 (FIG. 2).
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Characteristic of the arrangement of the two-stage planet
gear along the continuous first gear shaft 46 is that the sun
wheel 71, 72 and the corresponding planet wheels 48, 52 are
arranged with respect to the first gear shaft 46 for each of the
two planet stages. In that manner, it is possible for the sun
wheels and planet wheels to engage with each other in a
close-fitting manner. Compensation for play between the
toothed wheels owing to a different arrangement of the sun
wheel 71, 72, on the one hand, and the planet wheels 48, 52,
on the other hand, is not necessary, whereby the degree of
efficiency and the service-life of the gear stage are substan-
tially increased.

The subassembly 47 of the gear device constructed on the
planet wheel carrier 54 and the first gear shaft 46 is introduced
into the internal-toothed wheel 40 at the lower side, the con-
tinuous first gear shaft 46 being introduced at its first end into
a bearing 75 provided therefor on the centering element 74.
The gear shaft 46 which is provided for supporting the output-
side gear component is thereby rotatably supported at the
second end thereof on the planet wheel carrier of the third
gear stage 54 and at the first end thereof on the centering
element 74.

By the subassembly 47 being introduced into the internal-
toothed wheel 40, the spatial position of the gear shaft 46 is
uniquely determined by means of the planet wheels 48 and 52
which are guided in the internal-toothed wheel 40. In other
words, the first gear shaft 46 becomes centred with respect to
the internal-toothed wheel 40 by means of the planet wheels
48, 52 which are rotatably supported on the two planet wheel
carriers 50, 54. The gear shaft 46 which is centred by means
of the internal-toothed wheel 40 may be used as a reference
point for positioning the gear shaft 62 and the drive shaft 28
on the fixing element 30 in accordance with tolerances.

The components of the planet gear 45 inserted into the
internal-toothed wheel 40 or the subassembly 47 is/are pre-
vented from falling out by means of the retention element 58.
In the realization described, the retention element 58 is con-
structed in an annular manner with a securing element 60
which is formed axially on the outer side. The annular reten-
tion element 58 is constructed in such a manner that the
second planet wheel carrier 54 and the gear component 56 are
inserted and supported in the retention element 58 in a close-
fitting manner. The retention element 58 is secured so as to
engage at the graduation 44 of the internal-toothed wheel 40
by means of the securing element 60 at the outer side. In this
manner, the gear device 24 is suspended completely on the
carrier element 30 (visible in FIG. 6).

It will be understood that the arrangement of output-side
gear components by means of a gear shaft 46 described herein
is not limited to a two-stage planet gear. Instead, the first
planet gear stage may be constructed similarly to the toothed
wheel arrangement of the first gear stage as a toothed wheel
gear or as a belt gear whose output-side toothed wheel is
connected to the sun wheel 71 of the planet gear of the third
gear stage in a rotationally secure manner and whose drive-
side toothed wheel is connected to the output-side toothed
wheel of the first gear stage in a torque-locking manner.

With reference to FIG. 3, the interaction of the components
of the subassembly 20 described in FIG. 2 can be seen. The
subassembly 20 is illustrated in FIG. 3 in the assembled state
as a perspective view.

The electric motor 26 which is secured at the first end to the
lower side of the carrier element 30 produces a torque which
is required for the actuation of the electric parking brake. In
order to produce the forces required to actuate the parking
brake with appropriate sizing of the electric motor 26, the
gear unit 24 is provided. This is connected at the output side
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to the spindle gear (not illustrated in FIG. 3) which converts
the rotational movement into a translation movement and
transmits it to the brake piston. This in turn then presses
braking jaws of a wheel brake onto the respective brake disc.

The rotation movement of the drive shaft 28 is transmitted
via the toothed wheel arrangement 74 to the sun wheel 72 (not
visible) of the first stage of the planet gear 45. Owing to the
increasing size of the successive toothed wheels 66, 68, 70,
the rotational movement between the drive shaft 28 and the
sun wheel 72 is reduced. The subsequent two-stage planet
gear 45 forms the core of the gear device 24 which addition-
ally reduces the rotational movement of the sun wheel 72 via
the two gear stages. The planet gear 45 is fitted parallel with
the drive device 22 to the second end of the carrier element 30.
The internal-toothed wheel 40 which constitutes a component
of'the planet gear 45 is at the same time constructed as part of
the carrier element 30 on which the planet stages are sus-
pended via the retention element 58.

The upper side of the subassembly 20, in particular the
toothed wheel arrangement 64, is positioned and covered by
means of the centering element 74. In this manner, there is
produced an inherently closed fully functional subassembly
20 which is introduced into the housing 11 in order to protect
against the environment. In the present realization, the cen-
tering element 74 has another important function. It forms, by
means of its two laterally formed covering elements 78, a
portion of the first mounting device 35 by means of which the
subassembly 20 is supported in the housing 11.

With referenceto FIG. 2 and FIG. 4, the structure of the first
mounting device 35 can be seen, which in the present real-
ization comprises the two identical carriers 37 which are each
constructed in two parts comprising the support element 36
and the covering element 78. FIG. 4 is a first sectioned view
along a first direction of the subassembly 10 in accordance
with the perspective illustration in FIG. 1.

The two support elements 36 have an identical structure.
They are constructed in a blade-like manner and each com-
prise a slightly chamfered support face 36a in a vertical
direction, another support face 365 in a horizontal direction
and two limiting lateral faces (which can be seen in FIG. 2 but
not in FIG. 4). The support face 36a is constructed as an
arm-like lateral continuation of the carrier element 30 which
extends vertically downwards with respect to the carrier ele-
ment 30. The continuation is bent significantly outwards at
the end thereof and merges into the horizontal support face
36b. The two support faces 36a and 365 are delimited at the
sides thereof by one of the two lateral faces. In the present
realization, the two support elements 36 are each constructed
integrally with the carrier element 30. Alternatively, the two
support elements 36 may be produced as a separate compo-
nent and fixed to the carrier element.

The two covering elements 78 of the two carriers 37 are
constructed on the centering element 74 and each have an
identical construction. In a similar manner to the two support
elements 36, the two covering elements 78 are each con-
structed as an arm-like lateral continuation of the centering
element 74, the continuation extending downwards in a per-
pendicular direction with respect to the centering element 74
and having at the end a rounded portion which is concave and
which is curved towards the outer side, whereby another
narrow support face 78a is provided for the respective carrier
37. The covering elements 78 are each constructed integrally
with the centering element 74. Alternatively, the two covering
elements 78 may be produced as a separate component and be
fixed to the centering element 74.

The spatial arrangement of the two covering elements 78
on the centering element 74 corresponds to the spatial
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arrangement of the support elements 36 on the carrier element
30. By joining together the centering element 74 and carrier
element 30, the respective support element 36 is consequently
covered by the corresponding covering element 78 at the
upper side. In this manner, there is produced on both carriers
37 alateral parallelepipedal receiving region which is open
towards the outer side and which is provided to receive one of
the damping elements 38 in each case.

The two carriers 37 are each fitted laterally to the opposing
longitudinal sides of the subassembly 20 between the sus-
pended electric motor 26 on the one hand and the internal-
toothed wheel 40 on the other hand. The carriers 37 are
arranged in such a manner that substantially no torque acts on
a notional connection shaft which connects the two carriers
37 to each other. That is to say, the entire weight of the
subassembly 20 rests in a manner distributed completely and
uniformly on both carriers 37. The subassembly 20 can
thereby be secured in the housing lower portion 12 in a
self-supporting manner.

The simple construction of the second mounting device 13
is illustrated in FIG. 1. The second mounting device 13 com-
prises two identical, parallelepipedal recesses 14 which each
have approximately the same height, width and depth dimen-
sions as the two parallelepipedal receiving regions of the
respective carriers 37. Furthermore, two recesses 14 are
arranged so as to correspond to the spatial arrangement of the
two carriers on the subassembly 20 at the two opposing lon-
gitudinal sides of the housing lower portion 12. Conse-
quently, both mounting devices 13, 35 are substantially
defined by parallelepipedal cavities which, when the subas-
sembly 20 is mounted in the housing lower portion 12, are
arranged in a mirror-like manner and which are each provided
for receiving one of the damping elements 38.

Each damping element 38 is constructed from an elastomer
plastics material having a defined spring and damping con-
stant and is formed and sized in such a manner that it can be
clamped laterally in each case in the cavities of the first and
second mounting device 13, 35. Each damping element 38 is
constructed as a hollow parallelepiped with rounded outer
edges and with a specific wall thickness (cf. FIG. 2). Alter-
natively, parallelepipedal damping elements 38 may also be
inserted into the cavity.

FIGS. 4 and 5 illustrate the securing of the subassembly 20
in the housing lower portion 12 by means of the two mounting
devices 13 and 35. FIG. 5 is a second sectioned view (plan
view) of the receiving of the respective damping elements 38
by the assembly 10.

For the securing, the completely mounted subassembly 20
is first introduced into the housing lower portion 12, the two
respective carriers 37 and the two respective recesses 14
facing each other in the housing lower portion 12. Subse-
quently, the two damping elements 38 are inserted between
the two mounting devices 13 and 35. In order to be able to
actually introduce the two damping elements 38 between the
housing lower portion 12 and the subassembly 20, the two
damping elements 38 are first inserted in a tilted manner along
the slightly chamfered vertical support face 36a of the support
element 36. The damping elements 38 are now inserted in
each case at the lower side of the corresponding recess 14 at
one side and into the support element 36 at the other side. At
the upper side, the two damping elements 38 are now each
clamped by the corresponding covering element 78, in which
the centering plate 74 is securely connected to the carrier
element 30. A vertical force is thereby applied to the upper
side of the respective damping element 38 by means of the
respective covering element 78. Owing to the concave sup-
port face 78a of the covering element 78, the damping ele-
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ment 38 is additionally laterally pressed into the recess 14. In
this manner, the respective damping element 38 is preten-
sioned by the covering element 78a both in a vertical and in a
horizontal direction and the subassembly 20 is thereby later-
ally pretensioned into the housing lower portion 12. In the
installed state, the respective damping element 38 abuts the
corresponding lateral faces of the two mounting devices 13,
35 in a flush manner (FIG. 4 and F1G. 5), whereby a high level
of stability of the damping connection in the vertical and
horizontal directions is ensured.

As an alternative to the above-described assembly of the
subassembly 20 in the housing lower portion 12, the two
damping elements 38 are first each suspended in a slightly
tilted manner in the parallelepipedal regions of the first
mounting device 35. Afterwards, the subassembly 20 with the
two damping elements 38 which are each clamped at the side
is inserted into the housing lower portion 12 and subsequently
laterally clamped using the centering plate 74 and the two
covering elements 78 to the two respective recesses 14 of the
second mounting device 13.

Characteristic of the described clamping of the subassem-
bly 20 in the housing lower portion 12 by means of the two
damping elements 38 is that both the recess 14 on the housing
lower portion 12 and the parallelepipedal opening on the
carrier 37 each receive less than half of the respective damp-
ing element 38. This fact can clearly be seen in FIG. 4 and
FIG. 5. Consequently, the two laterally fitted carriers 37 of the
subassembly 20 do not touch the respective inner side of the
housing lower portion 12. The subassembly 20 is conse-
quently connected to the housing lower portion 12 in a damp-
ing manner only by means of the two damping elements 38.
That is to say, the subassembly 20 is clamped on the housing
by means of the two damping elements 38. In this manner,
vibrations which may be produced by the drive device 22 and
gear device 26 of the subassembly 20 are decoupled very
effectively from the housing lower portion 12, whereby the
noise development of the brake actuator is significantly
damped. At the same time, vibrations or impacts acting on the
housing 11 from the outer side are effectively shielded by the
damping suspension which has an advantageous effect on the
service-life of the gear unit 24 and the drive unit 22. Owing to
the parallelepipedal configuration of the damping elements
38 together with the lateral clamping of the subassembly 20,
vibrations and impacts from any directions (radial, lateral,
axial direction and combinations thereof) are equally well
damped.

Finally, FIG. 6 is a third sectioned view of the assembly 10
along a third axis. The sectioned view again clarifies that the
subassembly 20 is supported in a damping manner only on the
two recesses 14 in the housing lower portion 12.

Inthe present embodiment, both the gear device 24 and the
drive device 22 are received in the housing 11 in a contact-free
manner, whereby the housing 11 has only a protective func-
tion. Between the housing lower portion 12 and the gear
device 24 or the drive device 22, a gap is thus produced. In
other words, the housing 11 thus has no other centering or
fixing functions. The mounting of the assembly 10 is thereby
substantially simplified since, for example, slight deforma-
tions owing to the welding of the housing lower portion 12 to
the housing upper portion 16 are not critical. Owing to the
coupling to the spindle gear (not visible in FIG. 6) via the
output-side journal 57, the subassembly necessarily has a
third, gear-side support point.

Of course, the self-supporting suspension described in this
instance can be modified as desired, for example, by addi-
tional (for example, three or four) carriers 37 being integrated
in the subassembly or the carrier 37 being constructed in an
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annular or other manner. It is further self-evident that the
damping elements 38 can be varied in any manner in terms of
their shape and material selection or can be adapted to the
corresponding configuration of the carrier. Furthermore, the
concept described in this instance can also be used with
electromechanically operated service brakes. Furthermore,
other gear forms (for example, wobble plate mechanisms)
may be used.

In accordance with the provisions of the patent statutes, the
principle and mode of operation of this invention have been
explained and illustrated in its preferred embodiments. How-
ever, it must be understood that this invention may be prac-
ticed otherwise than as specifically explained and illustrated
without departing from its spirit or scope.

The invention claimed is:

1. A subassembly for an electromechanical brake actuator,
the subassembly being constructed so as to be received in a
housing, comprising:

adrive device which comprises an electric motor in order to

generate a torque;
a gear device for transmitting and delivering the torque to
a brake device; and

a fixing element which is constructed separately from the
housing of the subassembly and which fixes the position
of the gear device relative to the drive device, the fixing
element being constructed integrally with an internal-
toothed wheel of the gear device;

wherein the fixing element is constructed as a carrier ele-

ment which connects the drive device and the gear
device to each other.

2. The subassembly for an electromechanical brake actua-
tor according to claim 1, wherein the carrier element connects
the drive device and the gear device in order to form a unit.

3. The subassembly for an electromechanical brake actua-
tor according to claim 1, the drive device being arranged at a
first end of the fixing element.

4. The subassembly for an electromechanical brake actua-
tor according to claim 1, the internal-toothed wheel of the
gear device being constructed at a second end of the fixing
element.

5. The subassembly for an electromechanical brake actua-
tor according to claim 1, wherein the fixing element has a
plate-shaped base member.

6. The subassembly for an electromechanical brake actua-
tor according to claim 1, wherein the fixing element has an
opening for receiving the drive device.

7. The subassembly for an electromechanical brake actua-
tor according to claim 1, wherein the fixing element is con-
structed with the internal-toothed wheel as a cast component.

8. The subassembly for an electromechanical brake actua-
tor according to claim 1, wherein the internal-toothed wheel
is part of a planet gear of the gear device, components of the
planet gear being able to be introduced into the internal-
toothed wheel.

9. The subassembly for an electromechanical brake actua-
tor according to claim 8, the internal-toothed wheel compris-
ing at least one internally toothed wheel ring, at least one
torque-transmitting planet wheel carrier of the gear device
having a plurality of planet wheels thereon being able to be
introduced into the internal-toothed wheel.

10. The subassembly for an electromechanical brake actua-
tor according to claim 9, wherein the at least one planet wheel
carrier can be fixed to the internal-toothed wheel by means of
a retention element.

11. The subassembly for an electromechanical brake actua-
tor according to claim 8, wherein the torque transmission
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from the drive device to a sun wheel of the planet gear is
brought about by a toothed wheel arrangement.

12. The subassembly for an electromechanical brake actua-
tor according to claim 11, wherein the toothed wheel arrange-
ment is supported on the fixing element.

13. The subassembly for an electromechanical brake actua-
tor according to claim 12, wherein a centering element is
fitted to the fixing element.

14. The subassembly for an electromechanical brake actua-
tor according to claim 13, wherein the centering element
secures the toothed wheel arrangement at the upper side.

15. A subassembly for an electromechanical brake actuator
comprising:

adrive device which comprises an electric motor in order to

generate a torque; and

a gear device which successively comprises a first, a sec-

ond and a third gear stage for transmitting the torque, the
third gear stage being constructed as a planet gear, and
an output-side gear element of the second gear stage and
a sun wheel of the planet gear being fitted to a planet
wheel carrier of the third gear stage via a first gear shaft,
which sun wheel is arranged in a torque-locking and
concentric manner with respect to the gear element, the
first gear shaft being received at the first end thereof on
a centering element and/or at the second end thereof on
the planet wheel carrier of the third gear stage, the cen-
tering element constructed separately from a housing of
the subassembly, wherein the housing covers at least a
section of the centering element receiving the first gear
shaft.

16. The subassembly for an electromechanical brake actua-
tor according to claim 15, the first gear shaft being connected
to the planet wheel carrier of the third gear stage in a rota-
tionally secure manner.

17.The subassembly for an electromechanical brake actua-
tor according to claim 15, the centering element comprising a
bearing for receiving the first gear shaft.

18. The subassembly for an electromechanical brake actua-
tor according to claim 15, the centering element and a fixing
element for fixing the drive device being constructed and
arranged relative to each other in such a manner that they form
a cage structure for receiving gear components.

19. The subassembly for an electromechanical brake actua-
tor according to claim 18, an internal-toothed wheel of the
gear device being constructed integrally with the fixing ele-
ment.

20. The subassembly for an electromechanical brake actua-
tor according to claim 15, the first gear shaft being arranged
centrally on the planet wheel carrier of the third gear stage.

21. The subassembly for an electromechanical brake actua-
tor according to claim 15, bearing shafts for receiving planet
wheels further being provided on the planet wheel carrier of
the third gear stage.

22. The subassembly for an electromechanical brake actua-
tor according to claim 15, the first gear shaft being rotatably
supported at its first end on the centering element.

23. The subassembly for an electromechanical brake actua-
tor according to claim 15, the second gear stage being con-
structed as a planet gear and the output-side gear element of
the second gear stage being constructed as a planet wheel
carrier.

24. The subassembly for an electromechanical brake actua-
tor according to claim 23, the first gear shaft further receiving
in a supporting manner a sun wheel of the second gear stage
and an output-side gear element of the first gear stage con-
nected to the sun wheel in a torque-locking manner.
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25. The subassembly for an electromechanical brake actua-
tor according to claim 23, the two planet gear stages being
arranged one after the other along the first gear shaft.

26. The subassembly for an electromechanical brake actua-
tor according to claim 15, further comprising a second gear
shaft for receiving gear components of the first gear stage, the
second gear shaft being received at a first end in the centering
element and at a second end in a fixing element.

27.The subassembly for an electromechanical brake actua-
tor according to claim 26, the second gear shaft being rotat-
ably supported at a first end on the centering element and at a
second end on the fixing element, respectively.

28. The subassembly for an electromechanical brake actua-
tor according to claim 15, the planet wheel carrier and the first
gear shaft being constructed integrally.
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